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ABSTRACT: This report completes work performed in Phases 1 and

2 of a currently active 3-phase project. California's durability
test was examined for possible improvements through modification

or procedural change. Past performance of the test procedure has
been evaluated by means of a field sampling program, accelerated
degradation tests in the laboratory, and correspondence to determine
experience throughout California's eleven highway districts. A
discussion on extended use of the durability test is included,

and a review has been made of possible alternate durability tests.

The general conclusion was reached that California's durability

test has been very effective and no major modifications were
recommended. . It was further recommended that this test be retained
by the California Division of Highways as no satisfactory alternative
test procedure has been investigated herein.

KEY WORDS: Aggregates, bases, degradation, durability, sampling,
soundness, specifications, subbases, test methods.
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INTRODUCTICN

A large proportion of funds expended annually for highway
construction go towards the purchasing, processing, and placing
of mineral aggregates. In California, it is estimated that
approximately twenty-five percent of the total highway costs
are for this purpose. Obviously, the guality control of aggre-
gates requires high priority to insure that only acceptable
materials are used. One of the most important and desirable
characteristics of aggregates is adequate durability. In order
to provide a long service life of the pavement structure, the
aggregates used therein must have sufficient durability to resist
mechanical and chemical forces to which they are subjected.

California's durability test (Test Method No. Calif. 229)(1) was
developed to prequalify aggregates proposed for use in state
highway construction. Basically, this test measures an aggregates
resistance to generating fines when agitated in the presence of
water. Separate and different test procedures are used to
evaluate the coarse and fine portions of a material. Material
passing the 3/4-inch sieve and retained on the No. 4 sieve

is tested to determine the durability of the coarse portion
(Dc) , and a representative sample of material passing the No.

4 sieve is tested for durability of the fine portion (Df).

The durability index of the material is defined as the lowest

of the two values so obtained, and this is the controlling
value for specification purposes.

Durability index requirements for aggregate bases and permeable
materialg have been included in the California Standard Specifi-
cations (2} since 1964. The revised 1969 Standard Specifications
included additional reference to the Df test for fine concrete
aggregate., Our most recent (Jan 1971) Standard Specifications
have increased further the application of the durability test
by including a Dc requirement for slope protection rock.

A request was submitted in February, 1965, for Federal funds to
finance this research project, and approval was received by May
1965. This research was initiated because it was felt necessary
to: examine possible improvements to the durability test procedure;
investigate areas of possible increased application of the test
method; and, evaluate recent performance of this test. The
original work plan consisted of 3 phases which were necessarily
modified somewhat as the work progressed. The interim report
completes essentially two of the three phases and the following
subjects are reported herein:

An examination of the correlation between D, and Df.
"An investigation of a possible durability test for
aggregates larger then 3/4".

An evaluation of the effectiveness of California's
durability test.

A discussion of increased application of this test.
A review of other types of durability tests.

-
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This research project is currently active but approximately two-

. thirds complete with submission of this interim report. The final

phase of remaining research is the responsibility of the Concrete
Section of the Materials and Research Department, and is concerned
with the development of a durablllty test procedure for coarse

_ concrete aggregates.

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1. No direct correlation was found to exist between the coarse
durability index (Do) and the fine durability index (Df) for many
aggregates. This is partially due to basic differences between
the two procedures, but the research evidence also indicates that
the two aggregate size fractions have varying degrees of resistance
to degradation. It was concluded that no benefit would be obtained
by attempting to 1mprove this correlation between D¢ and Dgf.

2. A practical durablllty test for + 3/4 inch aggregates was
not developed, due to size limitations of available test equipment.
Tests with éexisting equipment yielded poor repeatability on replicate
samples of heterogeneous aggregates. Repeatability could be
improved by averaging multiple tests, but it was concluded that
this was not a practical method for implementation.

3. Three studies were made to evaluate the effectiveness of
California's current durability test. They were; a field sampling
program, accelerated laboratory degradation, and a survey of District
experience with degrading aggregates. It was concluded that the
durability test requirements, in conjunction with other aggregate
specifications, are effectively eliminating most problem aggregates
from use as base materials.

4. "Increased”application of the durability test for evalu-
ating fine aggregates for concrete, permeable materials, and
rock-slope protection materials, has resulted in reduced testing
time, reduced test costs, and improved quality control of these

aggregates..

5. No alternate durability test procedure has been inﬁestigated
that can be recommended for adoption by the California Division of
'nghways.

Recommendations

1. California's existing durability test procedure should be
retained without any major modifications. No immediate changes
to the specifications limits as set forth in the 1971 California
Standard Specifications can be recommended on the basis of this
study.

S waw fastio.com
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2. The roadway sites investigated in the field sampling program
could provide additional valuable data. It is recommended that
these same locations be resampled in the future to provide further
understanding of base aggregate performance after extensive service
to traffic. With the increasing scarcity of aggregates in some
locations, it is probably justified to study the possibility of
modifying the durability limits for specific aggregates.

BACKGROUND AND OBJECTIVES

Brief Hlstory of Durability Tests

Numerous tests have been developed throughout the world to evala-
uate the resistance of aggregates to mechanical degradation. The
Deval tumbler, developed in France to measure this guality of
aggregates, was first adopted by ASTM in 1908. The Los Angeles
Rattler was developed about 1925 and is probably the most widely
used device today to evaluate the abrasion resistance of aggregates.

During the past 20 years the problem of degradation of highway
aggregates in some western states of the U. S. has resulted in

the development of additional durability tests by Oregon, Washington,
Idaho, Alaska and California., Each of these test procedures sub-
ject aggregate samples to abrasive or wearing action, either in

alr or water, and require measuring changes in gradation and/or

the amount of generated fines. Although differing considerably
_in procedure and acceptance limits, each of these have been

reported by the various states as being reasonably successful

in predicting degradation characteristics of aggregates.

Aggregate Degradation in California

Prior to 1963 the California Division of Highways experienced

some pavement structural failures which were attributed to aggre-
gate degradation. At the time of construction these problem
aggregates were rated acceptable by existing gqualification tests.
Located mostly in the coastal range areas of northern California,
those aggregates having poor service records are usually weathered
volcanics, shales, or composed of clay-bound sandstones. The "Los
Osos Basalt," commonly referred to as "Red Rock," is a specific
example of an aggregate having low resistance to degradatiocn.

This material usually met our previous test limits on Los Angeles
abrasion, sand equivalent, and R-value. However, when agitated

in water for a few minutes, this aggregate breaks down into

fine particles, which cause a reduction in the locad carrying
capacity of the material,

Development of California's Durability Test

California's durability test was developed largely as a result
of the need to predict the degradation that may occur to aggre-
gates du 1ng construction and under traffic, and teo eliminate
these aggregates from further acceptance.

ClibPDF - www .fastio.com
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%LThé'development of Test Method No. Calif. 229 and its application
to highway constructio? Yere presented to the Highway Research
Board in January 1964, 3

Basically, the California durability test measures an aggregate's
resistance to generating clay sized fines when agitated in the
presence of water. The amount and character of the fines are
evaluated in terms of an empirical "Durability Index." A fairly
good correlation has been established between this durability
index and the reduction in R-value after degradation.

Separate test procedures are performed to evaluate the coarse

aggregate fraction and the fine aggregate fraction. The lower
durability index obtained by either separate test procedure is
the controlling value for specification purposes.

The durability index for the coarse adgregate fraction (3/4" to
No. 4 sieve sizes) is determined from a 2500 gram test sample of
washed material that has been batched to a prescribed grading.
The prepared test sample is placed in a washing vessel containing
1000 ml. of water, and agitated in a modified sieve shaker
(Figure 1) for 10 minutes. A fractional portion of the wash
water, containing the fines produced during the agitation period,
is then poured into a cylinder containing a flocculating agent
and thoroughly mixed. A sedimentation time is provided by
allowing the cylinder to stand undisturbed for 20 minutes.,

The height of the suspended sediment in the cylinder is then
read and recorded. The durability index of the coarse aggregate
is a function of this sediment height.

The durability test procedure for fine aggregate {(minus No. 4
sieve size) is identical to the procedure used i? ?etermining

the sand equivalent (Test Method No. Calif. 217) 1) of a material
with two exceptions: '

1. The test sample is prepared from the residue of washed
passing No. 4 sieve material used in the sieve analysis
-test, and '

2. The sample is agitated for 10 minutes in the mechanical
sand equivalent shaker (Figure 2) in lieu of 45 seconds,

Durability indices may range from about 90 for such hard materials
"as quartz down to 5 or less for claybound sandstones and shales.

The current California durability test procedure (Test Method No.
Calif. 229-E) incorporates portions of our routine "sieve analysis,"
S "sand equivalent" and "cleanness" tests. (1) This eliminates the
' need for additional equipment sc that district laboratories may
perform the durability test by making only minor modifications to
existing standard apparatus.
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Figure 1

Modified Tyler Sieve Shaker and Washing
Vessel for Testing Coarse Aggregate

Figure 2

Mechanical Sand Equivalent Shaker and
Cylinder for Testing Fine Aggregate

—-6-
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Objectives of this Research Project

The California Division of Highways introduced the new durability
test as a specification requi{eTent for aggregate bases in the

1964 standard Specifications.'4) A minimum durability index was
specified in lieu of the existing Los Angeles Abrasion specification.

Selection of the minimum allowable durability indices for aggre-
gate bases was established largely on past experience with problem
aggregate sources throughout the State. The minimum durability
indices for Class 1 and Class .2 aggregate bases are now specified
as 40 and 35 respectively. ' '

Soon after adoption of the durability index test as an acceptance
criterion, the work plan for this research project was submitted
and approved. It was desired to evaluate the performance of this
new test and to examine means of possible improvements through
modification to the test proécedure. Also, considerable interest
had been expressed as to the possibility of expanding the appli-
cation of this method to control the guality of aggregates used
in-‘other areas of highway construction. For example, it was
hoped that this durability test could be used as a replacement
for the controversial sodium sulphate soundness test for concrete
. aggregates,

The original work plan listed thé objectives of this project under
three phases:

Phase 1 was to investigate possible modifications to the test
procedure so that (a) test values for coarse and fine aggregate
size fractions could be combined into a composite value; and
(b) aggregates larger than the 3/4-inch sieve size could be
tested.

Phase 2 was to develop test procedures .and standards for aggre-
gates used in treated bases, asphaltit concrete, and portland
Ccement concrete.

Phase 3 was to determine the degree of correlation between the
durability test and more time-consuming tests such as the sodium
sulphate'soundness_and mortar strength tests.

This interim report completes work performed through Phase 2

of the three phase project. The objectives outlined above for
Phase 2 were modified when it was decided that the existing
qualification tests for cement treated base aggregates and asphalt
concrete aggregates were satisfactory, and further work to imple-
ment the durability test for this purpose was not necessary. As
the work evolved, the following objectives were pursued and the
results are reported herein:

ClibPD www . fastio.com - S
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1. An examination of the correlation between coarse durability
(Dc} and fine durability (Df).

2. The possibility of development of a sétisfactory durability
- test procedure for testing aggregates larger than 3/4"
sieve.

3. An evaluation of the effectiveness of California's durability
test in measuring aggregate quality, for which investigations
were made in- the following areas:

a, field sampling
b. laboratory tests
c. district survey (questlonnalre)

4. An investigation of increased application of California's
durability test.

5. An examination of durability tests used by other agencies.
DISCUSSION OF WORK PERFORMED

Correlation Between Coarse and Fine Durability Indices

California’s durability test was purposely developed to enable
utilization of test apparatus which was already available to
the district and field laboratories. The coarse durability
procedure uses equipment that is required in the performance
of California's cleanness test (TM No. Calif. 227) . 1) rhe
fine durability procedure requires appara?i§ specified in the
sand equivalent test (TM No. Calif. 217). Consequently,
separate and distinctly different test procedures resulted

for the durability testing of the coarse and fine portions

of an aggregate sample. '

The fine durability index (Df) is calculated by the same formula
used to determine sand equivalent values. The scale of values
may range from 0 to 100 in ascending order of guality. In order
to provide a similar range in coarse durability values (Dc), the
clay sediment heights obtained in a modified cleanness value test

.are converted by means of an equation to give D¢ values which

also range from 0 to 100.

Currently, the California Division of Highway's specifications
require minimum durability indices (Df and D¢} of 35 for Class 2
aggregate base and 40 for Class 1 aggregate base. These limits
were established by comparing the performance records of a large
number of aggregates with their durability as discussed in a
report by Hveem and Smith (3).
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COMPARISON OF COARSE & FINE DURABILITY INDICES
ON ROUTINE SAMPLES FOR 1963-64
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Both Dc and Df test results for each individual source must
meet these minimum requirements to be acceptable.

Figure 3 shows the relationship between Dc and Df values for
more than 100 durability tests performed during 1963 and 1964.
Despite fairly wide dispersion, the distribution of data points
suggests a curvilinear rather than a linear relationship. If

a "pest fit" curve were drawn to the data it would cross the.
shown equality line .\at about 25. Above this point, Dc values
are usually larger than corresponding Df values.

This nondirect relationship between Dc and Df values has resulted

in most base aggregates being accepted or rejected on the basis
of the Df test result.

Various proposals were made to improve the compatibility of the
two test results. Considerable effort was expended in the follow-
ing directions:

1. Several revised egquations were developed to convert coarse
durability sediment heights to Dc values.

2. The Dc test procedure was examined with regard to possible
modifications such as increased sample size and extended
agitation times.

3. 'The possibility was explored of developing a combined (or
composite) durability index directly from the sediment
column heights of both tests.

Although some improvement to the correlation between Dc and DE
was obtained by these efforts, the benefits did not appear
sufficient to justify changing the test method. Further efforts
in this direction were discontinued. '

Search for a Durability Test for Aggregates Larger Than
The 3/4-inch Sieve

The purpose of this work was to develop a routine method of test-
ing the durability of aggregates larger than the 3/4" sieve.
Tt was intended to develop this procedure primarily to evaluate

portland cement concrete aggregates of 1-1/2" to 3/4"-size, how-

ever, consideration would also be given to using it to evaluate
other aggregates used in the highway structural section.

The type of test examined was similar to California's Dc pro-
cedure for 3/4" x No. 4 size aggregate. A large number of tests
were performed with various procedural modifications. Two inter-
related problems were experienced in the pursuit of a satisfactory
procedure: (1) lack of repeatability of test results on replicate
specimens made from heterogeneous aggregates; (2) poor correlation
with Dc test results.

=10~
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Aftempts were made to improve test results by:

a. enforcing stricter controls on the test apparatus (e.qg.)
the shaking action

b. increasing sample size to the maximum permissible by the
apparatus

. c. varying the agitation time
d. making adjustmehts to the volume of test water
e. averaging two or more test results on each material

A procedure was finally developed which gave acceptable repeat-
ability on homogeneous aggregates such as sandstone. However,
little apparent improvement in repeatability could be obtained

on heterogeneous materials, or those aggregates composed of an
agglomeration of minerals. Apparently, the developed procedure

was extremely sensitive to the presence of poor materials, even

in relatively small quantities. Variability in test results

on replicate specimens of hetercgeneous aggregates could not be
eliminated even by taking extreme caution in sampling techniques

and sample preparation. It was decided that an average of multiple
tests would be necessary to insure a satisfactory level of con-
fidence for purposes of accepting or rejecting materials. It was
concluded that the use of multiple tests was not desirable from

the standpoint of practical implementation, and work on this phase
was discontinued. Further efforts were concentrated on the develop-
ment of the autoclave as an alternate method of testing the durability
of coarse concrete aggregates. Both of these methods are under
consideration during the final phase of this research project.

Evaluation of the Effectiveness of California's Durability Test

" (a) Field Sampling of Selected Roadway Sites

A sampling program was conducted to examine the amount of degra-
dation of subbase and base aggregates during service. Only
roadway sections surfaced with asphaltic concrete were sampled
because previous experience in California had shown that aggre-
gate durability problems were génerally confined to materials
under flexible pavements. It was expected that this investigation
would result in a better understanding of aggregate degradation
and give an indication of the effectiveness of the durability

test as a measure of this property of aggregates.

Eighteen projects constructed in 1960 and 1961 were chosen for

investigation. Base aggregate samples were taken on eight of
these projects, and subbase samples were obtained on the other

-11-
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Table 1

Summary of Pield Sample Test Results! on Aggregate Bases

U
i Dura-
bility Mechanical Analysis
8 e K % Pasgsin
HIPR Dc DE . >
§7a 5 5% | 5|8
Number VI @ | ~ S 8| o ¥ o
Project No. of plal- = Tl sl RS ala] o
and sempled | £88 | 8| g FTIEIA% | E E|g g
Class of Base® Stations O 0 = <~ | vl pH o 0 pe e =
1 5 C 42 | 46 79|28 | NP 1 2 6 |15 | 27
. Cl 3 AB A -2 |- 79127 | NP 1 3 1o ;23 j41
R 43 | 35 82 (26 | NP 1 3 9 |22 |43
2 2 C 67 | 57 80128 4 1 3 6 |11 |24
ClL 2 AB A - - 81136 | - 1 4 9 il6 | 35
R 6l | 35 8229 2 2 4 12 |23 |52
3 2 C 35 {28 79 (41 | NP 1 2 5 (22 |41
Cl 2 AB A - - 82|27 | NP 0 3 9 |25 | 45
R 32 | 28 85129 | NP 1 3 9 |27 | 47
4 3 C 54 {51 79 (31 | NP 1 3 13 |30 |67
Cl 3 AB A - - 80|32 | - - - 14 |31 |74
R - 49 8l(32 | NP 2 4 12 j22 |73
5 3 c 71 | 65 - |- |- - 4= 1= 1- |-
Cl 2 AB A - - 79|31 | NP - - 10 |31 |49
R 83 |62 8229 | NP 1 3 9 |28 |47
6 3 ol 59 | 65 79|31 | NP 2 3 7 |27 |53
Cl 2 BB A - - 79132 | NP 3 4 7 |26 |48
R 74 162 8229 | NP 1 3 7 126 [53
7 3 c 59 | 47 - |- - - - - - -
Cl 2 aB A - - 81141 | NP 2 3 6 |22 |51
R 69 |47 8238 | NP 1 3 6 |20 |51
8 4 c 66 | 68 80|31 | NP 1 3 10 (21 |46
Cl 2 AB A - - 79134 | NP 2 4 9 21 |46
R 78 |66 83131 |NP 1 3 10 122 ;48

a1l tests were performed according to California Division of
Highways Test Methods.

2(=) indicates unavailable data.

Scalifornia Division of Highways, Standard Specifications, 1960.

-12-
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ten projects, All;éampling was carefully performed to obtain
representative material, with minimum disturbance due to the
sampling procedure itself.

Table 1 is a summary of data collected from those projects sampled
for base aggregates. Testing data for each contract are average
values for the number of sampling stations shown in the second
column. For each project every sampling station was sampled

three times as follows:

1. Sampies during construction (C) were ocbtained from the
windrowed material prior to spreading and compaction.

2. Audit éamples (A) were taken during the record sampling
program, from the compacted material, immediately
following constructlon.

‘3. Resampllng (R) was performed at each site after approxi-
mately six years of traffic.

Durability tests (Dc and Df) were performed at the time of con-
struction, and also on the resampled base materials after six years
service in the roadway. Other laboratory tests performed upon
completion of each sampling phase were: R-values, sand equivalents,
Atterberg limits, and sieve analyses which included hydrometer
analyses for the 5 micron and 1 micron size particles.

Table 1 reveals that none of the sampled projects had sufficient
base aggregate degradation to reduce stability as measured by the
R-value test. Overall, it was concluded from the tabulated data
that no significant changes in plasticity index or sand equivalent
values resulted during the six year period. The hydrometer
analyses did not reveal any significant increase in clay sized
particles for any of the projects.

The sieve analyses results for projects 1 and 2 show significant
increases in percentages passing the Nos. 4 and 30 sieves, but
much of this degradation occurred during construction. However,
the hydrometer analyses 'and plasticity indices tests do not
reveal that any significant amount of clay sized fines were
developed. Consequently, it is not surprising that no reduction
in R-value was obtained on these materials durlng the six years
of this study.

However, further examination of the data from projects 1 and 2
reveals lower fine durability indices after six years service.
This indicates that these aggregates have become more susceptible
to degradation, and it is possible that further mechanical break-
down could result in a less stable aggregate. The coarse
gradations of aggregates used in projects 1 and 2 at the time of

-13-
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construction may explain the greater amount of particle break-
age which occurred on these projects. This indicates the need
for specifying well graded materials to provide resistance to
fracture caused by compaction and traffic. It appears from this
data that particle breakage will be minimized by specifying a .
well-graded material consisting of a minimum of about 40% passing
the No. 4 sieve,

Although the projécts sampled for this study were constructed

before the durability test was inserted in the Standard Specifi-
cations, all aggregates meet our present durability index require-
ment for Class 2 base material. As no distress has been observed

on any of these sampled projects, this program provided some
assurance that our durability test limits, in conjunction with
requirements on grading, sand equivalent, and R-value, are resulting
in the selection of satisfactory materials.

In addition to the projects sampled for base materials, ten
projects were sampled for subbase aggregates. None of these

sites showed any significant degradation or distress over the

six years spanned by the testing program. This data is, therefore,
not included or discussed.

(b) Correlation Between Durability Index and R-value Loss
for Base Materials Degraded by a Laboratory Method

The durability index obtained by the California Durability Test
is defined as a value indicating the relative resistance of an
aggregate to producing detrimental clay-sized fines, when the
aggregate is subjected to mechanical degradation. The production
of these fines is considered detrimental to a subbase or base
material because excessive amounts may reduce interparticle
friction and reduce the load carrying capacity. The ability of

a material to resist lateral deformation when acted upon by a
vertical load is termed resistance {(R-~value) and is measured by
TM No. California 301. (1)

The purpose of this study was to determine the correlation between
durability index and R-value loss for numerous aggregates when
degraded by a laboratory method. The California kneading com-
pactor was used to subject specimens to exXcessive manipulation

in an attempt to produce fines characteristic of those which may
result from degradation in the roadbed.

The following is a brief description of the procedure followed

in this work. Sources of subbase and base aggregates were sampled
to obtain material representing a wide range in durability indices.
Briquette specimens 6" in diameter and 3.5" high were fabricated
at moisture contents required to give 300 psi exudation pressure
in the R-value test. (This moisture content was selected for

=14~
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each sample as it is considered the worst condition reached by a

material in place at any time after construction.) Each specimen
was moist cured for 16 hours before subjecting to 1000 tamps by
the kneading compactor at 300 psi tamper-foot pressure. During
the loading, each specimen was maintained in a saturated condition
by permitting water from an external reservoir to penetrate up-
ward through the specimen via a porous stone.

In addition to durability and R-value tests, mechanical analysis,
Atterberg limits, and sand equivalent tests were performed on
each material before and after the 1000 tamps. These additional

" tests were made to determine the extent of particle breakage,

and the amount and type of fine material created by the degra-

dation.

““Table 2 shows the data collected on 24 samples, each of which

consisted of all minus #4 sieve size material.

The tabulated results generally show that those materials that

did degrade sufficiently to cause significant loss in R-value

< also had:

1. low initial Df values

. extensive particle breakage after compaction

. 1increased plasticity indices after compaction

. 1increased amount of clay-sized particles after compaction
. reduced sand egquivalent values after compaction

U1 W N

ﬁ Figure 4 shows the relationship between R-value reduction and Df
i values for all 24 tests,

" A definite trend is shown towards greater loss in stability (R-value)

with decreasing fine durability index (Df). It is important to
note that 7 of the 15 aggregates having Df values less than 45, had

~ losses in excess of 30% of their original R-values.

It was concluded that the kneading compactor method used to degrade
aggregate samples in the laboratory caused sufficient alteration

- of aggregate characteristics to result in R-value decreases for

many of the materials. A comparison of Tables 1 and 2 indicate

" that the chosen laboratory method applied higher mechanical effort

than that normally applied to base materials by construction
methods and traffic over a six year period. In contrast to the
kneading compactor test results, none of the sampled roadway

"materials were degraded sufficiently to show any R-value (stability)
. loss during six years of service.

"Aithough no correlation between the field and laboratory test

results was found, the kneading compactor study provided further
assurance that our durability test is a measure of the expected
performance of base aggregates that may be subjected to mechanical

~15~
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Table 2

Results of Kneading Compactor Degradation Tésts
(Minus No. 4 Sieve Material)
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64-1436 B 28 75 1 28 NP 3 5| 16 | 46 | 100
A 34 29 | 18 7 9 | 17 | 37 | 66 | 100
65-4240 B 27 79 | 51 NP 0 2 6 | 311 100
A 30 36 | 39 5 3 9 | 23 | 47 | 100
62-5936 B 33 78 | 30 NP 4 7| 18| 49 | 100
A 37 38 | 20 3 7 1 12| 32 | 60 | 100
64-1269 B bt 75| 37 | NP 4 6 | 15 | 37 | 100
A 62 48 | 24 1 7 {131 26 | 50 | 100
67-3349 B 28 | 50| 26 8 5 1 10| 24 | 58 | 100
A 49 261 18 9 9|15 | 35 | 67 | 100
67-3421 B 22 75 | 30 NP 1 4 | 22 | 57 | 100
| . A 35 50 | 11 4 11 { 19 | 39 | 8 | 100
61-1750 B 57 731 60 NP 1 2 6 | 33 | 100
A 69 57 | 28 1 5 {10 |20 | 45 | 100
67-3347 B 55 74 | 26 NP . 3 8 {23 | 68 | 100
A 65 59 | 22 3 5 |12 |28 | 69 | 100
64-1267 B 24 | 321 17 | 6 8 |15 |35 | 65 | 100
A 26 21| 14 7 11 | 22 | 42 | 75 | 100
67-3351 B 32 76 | 39 NP 5 13 | 46 | 100
A 39 67 | 21 4 5 |12 | 29 | 58 | 100
61-1401 B 76 82 | 28 NP 41 9 21 | 42 | 100
A - 76 | 21 1 6 | 1&. | 31 | 49 | 100
61-4116 B 73 74 | 29 NP 3 4 |21 | 56 97
| A - 71 | 26 NP 5 8 | 21 | 60 97
67-3426 B 22. | 80 | 34 NP 0 4 123 | 57 | 100
: : A 33 78 | 17 2 -] - 36 | 71 | 100
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‘Table 2 (Con't)

Results of Kneading Compactor Degradation Tests
(Minus No. 4 Sieve Material)
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A 76 | 30 2 4 6 {18 |39 | 100
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| A 49 59 | 16 6 8 |16 |39 |69 | 100
67-3326 B 68 | 81| 45 | np 11 4 |18 laa | 100
A 75 79 | 26 NP 3 110 {29 |53 | 100
| 67-3422 B 88 78 | 72 NP 0 2 4 |35 | 100
A 91 76 | 43 NP - |- 12 | 43 | 100
67-3381 B 75 | 77| 93 | np o | 1| 3 |as | 100
| A 89 76 | 57 NP - |- 11 | 50 | 100
64 -1664 B 35 78 | 62 NP 1 3 8 | 37 | 100
: A 46 78 | 39 NP 2 4 114 | 48 | 100
65-3843 B 3| 82| 37 | wp - 19 |52 | 100
A 32 80 | 33 NP - 22 | 60 | 100
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" FINE DURABILITY INDEX VS R-VALUE REDUCTION
FOR BASE MATERIALS
DEGRADED BY THE KNEADING COMPACTOR
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D¢ (before compaction)
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'~ R-VALUE REDUCTION
(% of R-value before compaction)

Figure 4
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" degradation in a saturated environment. It would appear that
unacceptable aggregates are being effectively ellmlnated by
" the durability test speC1flcat10ns.

c. Statewide Durablllty Study

A questionnaire was submltted to each of the eleven Dlstrlct
Materials Engineers within the California Division of Highways.
The purpose of this survey was to determine the extent of aggre-
gate degradation throughout the State, and to determine the
effectiveness of our present durability test specifications.
It was expected that this approach would assist in identifying
“ problem aggregates which could be sampled for testing under
Phase 3 of this research program.

The first question asked for a list of failures in highway
structural sections that could be attributed toc degradation.
Replies from the district representatives show that few failures
in recent years can be attributed solely to aggregate degradation.
Only two districts reported degradation as the primary cause of
failures. Of théese two districts, one mentioned a structural
failure of crushed base aggregate on a project constructed in
1949, long before our present durability test procedure was
devised. The other district listed three specific cases of
degradation which were primarily due to degraded aggregate in
the asphaltic concrete. However, it is noted that the durability
test is not required for®asphaltic concrete aggregates by the
California Division of Highways. The District Materials
Engineer remarked that "adequate durability and soundness test
specifications would have precluded these failures. A third
district described one project where it was strongly suspected
that degradation caused failure; however, this was an unusual
overlay design. A cushion of aggregate base and surfacing was
placed over an existing pavement, and subsequent failures
indicated degradation of the "sandwiched" aggregate. This
project was completed before our durability test requirements
were lncluded in the Standard Specifications.

The: second guestion asked for the location of any known substandard
aggregate sources that were not included under replies to the

first question. Replies did not reveal many known problem aggre-
gates in most of the districts. In general, most degradable
aggregates appear to beé confined to the northern and coastal

areas of the State. In these locations it is frequently necessary
to treat or stabilize aggregates for use as base course because

of the low durability indices, or confine the use of such aggre-
gates to frontage roads and shoulders. One aggregate (mentioned
previously) known to have poor durability characteristics, is the
"Los Osos Basalt" or "Red Rock." This aggregate is now effectively
eliminated by our present durability test.
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The third and final question in this survey concerned the
possible successful Usage by cities or counties of aggregates
which have been rated unacceptable by State criteria. Answers
to this question indicate that some counties and cities are
using some of these poorer aggregates with some success.
However, the information received was not detailed as to the
sources of these materials and their actual performance records.
One district representative, who reported that a few cities

and counties are successfully using some State-rejected aggregates,
suggested caution in drawing any conclusions from these claimed
Successes, because in many cases aggregates used in these roads
and streets are not subjected to comparable loads and other
conditions experienced on State highways.

In general, the result of this durability survey has provided
assurance that the present durability test requirements are
successfully eliminating most known degradable aggregates.

Increased Application of California's Durability Test

Since the development of Test Method No. Calif. 229, its appli-
cation has been included in various materials specifications
for the California Division of Highways. Originally developed
for base aggregates, this test procedure is also now referred
to in the specifications for permeable materials, rock slope
protection material, and fine concrete aggregates.

A durability test requirement, for permeable material, has been
given in the Standard Specifications since 1964. This has
enabled a better evaluation of these materials, and has replaced
the previously specified Losg Angeles Rattler tesgt.

The durability test is now specified for rock slope protection
(rip-rap) A paper titled "Evaluation of Rock Slope Protection
Material"(4) was presented at 49th Annual Meeting of the Hi ghway
Research Board in January 1970. This paper describes the reasons
for the adoption of this test which is used in conjuncti?E

with the absorption test (Test Method No. calif. 207-p). (i} The
formula combining the results of these two tests gives excellent
correlation with known serviceability. A more rapid evaluation
of rip-rap materials is now possible since the sodium-sulfate
soundness test requirement has been abolished.

Concurrent with this research project, a study was completed

which resulted in the incorporation of the durability test

for determining acceptance of fine aggregates for portland

cement concrete, in lieu of the sodium sulphate soundness test.
This research showed that, based on results of 425 tests, soundness
losses exceeding the maximum specified 10% are not obtained

on these aggregates which have a durability index above 60.
Incorporation of this durability test specification has further
reduced the number of time-consuming and expensive soundness

tests. :
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An Examination of Durability Tests Used by Other Agencies

2 review of literature on aggregate degradation reveals that
various agencies have developed or use different test methods

to measure aggregate durability. The purpose of this portion of
the study was to determine whether it would be advisable for

the California Division of Highways to replace it's current
durability test with one of these other procedures.

The following criteria were established as necessary prereguisites
of a possible alternate test method. A satisfactory test should:

1. Measure the guantity of degraded fines (minus $200 sieve
material).

2, Provide fairly rapid test results
3. Reguire no special and/or expensive equipment
4. Be practical'as.a field laboratory method

Several possible alternatives to TM No. Calif. 229 were eliminated
from further consideration because they did not satisfy the above
regquirements. As a result, only one procedure was chosen for
further evaluation and a limited number of comparative tests.

This selected durability test is sometimes referred to as the
"Modified Minor Method," developed and currently used by the

State of Washington. f Alaska uses a slightly modified version
of the same method.

Although the Washington and California durability tests are
basically similar in that each measures the quantity of fine
material (minus #200 sieve) produced by self-abrasion of aggre-
gate particles in water, the procedures differ considerably

in such features as sample size, aggregate particle size, sample
preparation, method and rate of agitation, conversion formula,
and acceptance limits. Table 3 has been included to show per-
tinent features of both tests for comparison.

Table 4 shows the results of comparative tests performed on four
different aggregate sources. For each material source, three
individual tests were run by each procedure on replicate samples.

ClibPD
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Table 4

Comparative Durability Testing Data

Aggregate Test Calif. Test Method Wash. Test Method

Source No. Dc Df D factor
I 1 - 58 37 ' 19
‘ 2 65 42 29
3 62 40 17
Average 62 40 22
I 1 68 52 26
2 70 63 26
3 ' 70 66 28
Average 69 60 27
IIT 1 67 56 25
. 2 : 67 55 26
3 65 60 27
Average 66 - 57 26
v 1 85 32 56
2 85 31 57
3 85 32 55
Average 85 32 56

A plot of these limited number of test results indicates that a
trend exists towards a reasocnably good curvilinear relationship
between California "Dc¢" index and Washington "D" factor. This
supports previous findings by Breese(6) in a report which compares
a number of different degradation tests. Breese found that the
relationship existing between the values of the modified Minor D
and the California Dc, for 38 sets of data, gave a correlation
coefficient of 0.876. This good correlation is not surprising

" since California's Dc procedure closely resembles the Washington

test procedure (as shown in Table 3}.

The tabulated data further illustrates that Df values are
frequently lower than the corresponding Dc values for the same

" material. Using aggregate source IV as an example, the coarse

fraction is shown to be durable by both the California Dc and
Washington D tests. However, the fine fraction was found to

be subject to degradation as shown by Ccalifornia's Df test result,
and would be rejected for base material by current California
specifications. Since the amount of material finer than the

No. 30 sieve may represent as much as 30% of the total aggregate
weight, it is considered important to evaluate the durability

of this portion for use as base material.
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This testing program indicated that repeatability of the Washington
test procedure is about equal to repeatability by California’s
procedure. The Washington test is considerably less detailed

and simpler to follow, and yields one durability value from

a single test. Therefore, it is less time consuming and probably
less expensive to perform than California's test.

However, California's combined durability test measures the
resistance to degradation of all material sizes smaller than

the 3/4-inch sieve. This is considered to be very representative
of the material as used because normally about 95% of base
materials are less than the 3/4-inch sieve. 1t was concluded
that retention of the Df test is necessary in order to evaluate
the durability of the fine portion of this material since:

(a) Reseaxrch by California has indicated that the minus No. 4
sieve material is frequently more degradation prone in-gervice
than the coarser sized material.

(b) Contractors in California occasionally elect to combine

materials from different sources to meet specification reguire-
ments for base materials.

It is therefore recommended that the california Division of
Highways retain the present combined durability test procedure
(PM No. Calif. 229-E). No alternate method has been examined
that can be recommended for use at this time. Also, in spite
of the fact that the rating scale for aggregates given in the
Washington test method (Table 3) would appear to reject many
materials rated as acceptable by California specifications,

no adjustment to california;s acceptance limits are recommended,
pased on the findings of this research project.
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